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The purpose of this paper is to analyse the impact of health
on growth, assuming that it is a fundamental component of
the human capital of a region along with education. Various
measures of population health status are used, together
with a health index generated by principal component
analysis. Potential endogeneity between health and growth
is controlled for using instrumental variable regressions and
dynamic panel data. The results show a positive effect of a
change in health status on regional output and a negative
effect of proxy variables for health limitations on regional
performance. This corroborates the importance of investing
in health along with education with the aim of improving
not only the well-being of individuals but the human capital
and growth of a region.
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1 | INTRODUCTION
Economic growth has generated larger volumes of goods and services in many economies. This phenomenon arises
from the accumulation of more and better technology and inputs like human capital. Although some studies proxy
human capital with a measure of the educational level of individuals (De la Fuente & Doménech, 2006; Lucas, 1988;
Mankiw, Romer, & Weil, 1992; Riley, 2012), others acknowledge that the role of education is overestimated if the
influence of other dimensions of human capital, such as health, is not included (Bloom, Canning, & Sevilla, 2004;
Grossman, 2000; Lopez-Casanovas, Rivera, & Currais, 2005).
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The introduction of health as a component of human capital is justified considering, according to Bloom
et al. (2004, p. 1), that “healthier workers are physically and mentally more energetic and robust,” which translates
into higher productivity and higher wages. They are expected to perform better and are also less likely to take time
off work due to illness or disability. Similarly, Strauss and Thomas (1998) report studies that have shown how health
disorders substantially reduce hourly wages, especially in developing countries, where the proportion of the
workforce engaged in manual labour is higher than in developed countries. And the same result is pointed by Cai,
Mavromaras, and Oguzoglu (2014) who find that lower health status results in fewer working hours. More recently,
Evans (2018) defines health as a foundational investment in a country's human capital because investing in health
builds a productive workforce that transmits gains over generations and the World Bank Human Capital Index,
described by Kraay (2018), measures the amount of human capital that a child born today can expect to attain by age
18, given the health and education that prevail in the country. O'Mahony and Samek (2019) recognize that health
status is embodied in people and so should focus on the notion of human capital and Samek et al. (2019) view health
as an investment good, which has the ability to improve individual well-being and, at the same time, increases time
that people can allocate to work and, therefore, wealth.
Therefore the main hypothesis of the paper is that considering health is important in order to assess a region's pro-
gress and both factors, education and health, are relevant and complementary in the process of human capital accumu-
lation. Following Becker (2007), human capital is not only defined as human skills, the stock of knowledge or intellectual
capital, but is made up of education and health, variables that effectively reduce poverty through economic growth. And
authors as O'Mahony and Samek (2019) acknowledge that health plays a significant role in generating human capital
but the existing measures of human capital stocks do not adequately account for health status. However, a good mea-
sure of human capital is high on the policy agenda given its importance as a driver of economic growth. Based on the
foregoing, the present study aims to use different measures of health that represent different aspects of health status
and analyse the impact of health on growth of the Spanish regions, assuming that health is a fundamental component of
the human capital of a region along with education. This helps to ensure that the contribution of one component of
human capital is not overestimated by erroneously attributing to it the contributions of the omitted component.
The paper makes two innovative contributions to the literature. The first is to compare the effect of several
different health measures on economic growth and is motivated by the lack of consensus about which measures of
health status provide the most accurate results, suggesting the need for a comparison of different health measures
or dimensions, which in turn can generate different economic effects. The second is the construction of a health
index that combines the characteristics, relevant factors or possible proxies for health in a region. The novelty of the
research at this stage is the use of principle component analysis (PCA) for modelling a health index at regional level.
The study also aims to contribute to existing empirical evidence focusing on a regional case study.
The empirical analysis uses fixed-effect panel data, instrumental variables and system generalized method of
moments (GMM), combining equations in first differences and in levels. The study results highlight the importance of
differentiating between the health and education components of human capital, since they both have positive and
significant effects on regional growth.
The paper is structured as follows. Section 2 presents a review of the literature and discusses the relationship
between human capital and economic growth, distinguishing between education and health components. Section 3
describes the theoretical model analysed and the data used. In section 4 we empirically analyse the impact of the
various dimensions of human capital on sectoral growth in the Spanish regions during the period 2004–2016. Finally,
the main conclusions are presented in section 5.
2 | LITERATURE REVIEW
Many articles have followed on the human capital dimensions of education and training, however, there have been
many fewer discussions of health as human capital (Becker, 2007). More precisely, most of the economics literature
124 GUMBAU ALBERT
on health discusses ways to improve the delivery of health care services forgetting that health status is embodied in
people and, therefore, should also focus on the notion of human capital that, in turn, generates growth.
This section reviews many of the theoretical and empirical models that have been developed in the literature to
incorporate the impact of health, measured in different ways, on economic growth but is not an exhaustive survey
like Monterubbianesi (2014), Monterubbianesi, Grandes, and Dabús (2017) or Bloom, Canning, Kotschy, Prettner,
and Schunemann (2019). These revised models use and highlight different health measures, others highlight the
complementarity in linking health to education and other types of human capital investments, and the vast majority
support that fighting different diseases and increasing survival contributes to economic progress.
The relationship between health and economic growth varies depending on the dimension of health examined
or the methodology used. Based on the theory of economic growth and expanding some of the existing models to
incorporate health, Ehrlich and Lui (1991) used adult life expectancy as a proxy for health, whereas Kalemli-Ozcan,
Ryder, and Weil (2000) reflect health through life expectancy at birth. Although these studies use different measures,
both find that higher health status is associated with higher education levels or investment in human capital, which
leads to enhanced economic performance. Using growth accounting as a tool, Bloom and Canning (2003) also hold
that health as a factor of human capital has a positive impact on income. Therefore, improvements in the
population's health reduce poverty in a country or region, thus justifying investment in health. In a similar vein,
Howitt (2005) applies the Schumpeterian growth theory and proposes a production function to analyse the impact
of improvements in the health and skills of a country's population on economic growth. His conclusions support the
arguments of authors such as Barro (1996) by demonstrating that healthier workers are more productive. In turn,
these more productive workers generate higher revenues ready to finance investments in technology or improve the
level of skills, creativity and learning capacity in society as a whole, thus generating greater economic growth. The
same author suggests that initial health status, measured by life expectancy or analogous aggregate indicators, seems
to be an even better predictor of subsequent economic growth than initial education. Along the same lines, Gupta
and Barman (2010) develop and endogenous growth model and also use the productivity argument by introducing
health capital as an input in the production function.
Focusing on the link between the time horizon of life and the rate of economic growth, authors such as Aísa and
Pueyo (2006) and Osag and Sarkar (2008) associate increased public spending with reduced lifetime uncertainty and
the depreciation of human capital, showing that increased longevity leads to an increase in the savings rates and in
returns on investments in physical and human capital and, therefore, on the economic growth rate. For their part,
Ehrlich and Yin (2013) propose an overlappinggenerations human-capital-based endogenous-growth model that dif-
ferentiates between the two key components of human capital: namely, education or knowledge capital, which acts
as a driver of per capita income growth; and health capital, which is captured by probabilities of survival and health
maintenance, and serves to facilitate the formation of knowledge capital. Given the characteristics of these factors,
these authors consider investment in protecting the lives of children to be essential as a direct determinant of the
long-term economic growth rate, since this investment is vital to safeguard the return on investment in education,
and by extension, the development and growth of knowledge capital. Finally, Barro (2013) proposes an extension of
the neoclassical model to study the interaction or joint determination between health and growth. His model
captures a direct effect of health on productivity and an indirect effect due to the reduction in the depreciation rate
of human capital (both education and health) brought about by lower illness and mortality rates. Through this
channel, an increase in health status stimulates the demand for human capital, thus generating a positive effect on
productivity.
With different samples according to the degree of development of the countries, we can identify channels of
transmission from health to growth. On the one side, restricting attention to OECD countries, Aghion, Philippe,
Howitt, and Murtion (2011) identify three arguments to affirm that health, measured by life expectancy, matters for
growth. The first associates greater life expectancy with higher domestic and national savings, leading to increased
capital accumulation, which in turn generates new and enhanced economic growth. Second, higher life expectancy
leads to higher human capital formation and growth because improvements in health incentivize interest in
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schooling, whose costs can be amortized over a longer period in employment. Third, as Nweze (2015) also argues,
better health could imply higher productivity, more creativity and better adaptation to technologies. Healthier people
are better workers. They can work harder and longer, and also think more clearly. On the other side, Nweze (2015)
analyses the point of view of underdeveloped countries affirming that healthier students also have lower absentee-
ism and higher cognitive functioning, and thus receive a better education for a given level of schooling. In addition,
low child mortality may lead to a lower fertility rate; in consequence, population growth is slower, which may bring
about an increase in GDP per capita.
There are, however, other channels through which health affects economic growth in developed countries. For
example, in simulations for the US, Mierau and Turnovsky (2014) hold that rising life expectancy affects long-term
growth positively due to higher aggregate savings resulting from longevity, and knowledge spillovers imply that
aggregate returns to capital accumulation are non-diminishing. Capital accumulation on its own can therefore sustain
economic growth in the long run. Focusing in particular on developed countries like Canada, France, Germany, Italy,
Japan, the United Kingdom and the United States and using historical data for more than two centuries that are
constructed as a population-weighted average of the individual countries' time series, Strulik, Prettner, and
Prskawetz (2013) also argue that human capital has two dimensions––education and the stock of health––and note
that it is this aggregate stock of human capital rather than the size of the workforce allocated to R&D that matters
for long-run economic growth. Similarly, Baldanzi, Buccinna, and Prettner (2017) show another path-way by which
health has the potential to impact on long-run economic growth in modern knowledge-based economies that have
already experienced the demographic transition in the past. They develop a model in which education and health are
endogenously determined by investments made by parents. They conclude that long-run economic growth increases
with health investments, and the reason for this is the complementarity between health and education, which is a
crucial factor in raising levels of human capital, the key input in the R&D sector.
In developed countries, the impact of health on growth is also transmitted through changes in labour supply.
The empirical evidence for industrialized countries shows that increasing longevity and good health, with corre-
spondingly longer working lives, could help to prevent increased dependency in old age (e.g., Loichinger &
Weber, 2016 for Europe's case). That is, an increase in longevity should lead to an increase in labour supply and sav-
ings in retirement expenditures (e.g., Chen & Lau, 2016; Prettner & Canning, 2014). In turn, Kuhn and Prettner (2016)
argue that health-related increases in the working life have surprisingly ambiguous effects on economic growth: on
the hand, health improvements increase longevity and reduce mortality, driving participation in the labour market
and reducing retirement savings. R&D activity and economic growth are then slowed down by the consequent rise
in interest rates. On the other hand, these authors also state that as long as the expansion of health care increases
capital accumulation, this stimulates factor substitution toward capital in the manufacturing sector and serves to
strengthen R&D activity, which enhances productivity.
At this point we have identified various channels through which health affects growth and is easy to see that dif-
ferences exist between the economic effects of health interventions in less developed countries and developed
countries. Bloom et al. (2019) summarize these differences, thus, in less developed countries, poor health often
reduces labour force participation, particularly among women, and deters investments in education such that fertility
stays high and the economy remains stagnated. By contrast, in more developed countries, health investments primar-
ily increase longevity, which may not significantly affect labour force participation and workforce productivity.
At the empirical level, growth accounting models also measure how health status, as a factor of production,
contributes to the rate of economic growth finding different effects according to the health measures used. Bloom
et al. (2004) demonstrate for developing and industrial countries that health has a significant impact on economic
performance using life expectancy data as a proxy for health: an increase of life expectancy of five years was associ-
ated with a growth rate up to 0.6 percentage points higher than otherwise. Heshmati (2001) and Rivera and
Currais (2004) also found a robust and significant effect on economic growth using health care expenditure,
McDonald and Roberts (2005) using health capital stocks, and Bloom and Canning (2005) with the adult survival rate.
Hansen (2013) quantifies the effect of increased life expectancy and improved infant health on rising human capital
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investment as follows: one additional year of life expectancy increases years of schooling by 0.17 years, which in
turn stimulates economic growth.
Also different effects according to the status of economic development exist. Weil (2007) asks how much of the
gap in income between rich and poor countries is accounted for by differences in health, concluding that if these
differences among countries––measured by the adult survival rate––were eliminated, the variance of log GDP per
worker would fall by 9.9%. Quamrul, Lester, and Weil (2009) also studied whether exogenous health improvements
in developing countries, such as life expectancy and the eradication of certain diseases, expand national income.
These authors determined that the beneficial effects of improved health can only be appreciated after a fairly long
period of time and that the same holds for the effect of this improvement on a country's income. They also analyse
the effect of eradicating particular diseases concluding that even when complete eradication is achieved, the impact
on income per capita is relatively small. Moreover, these relatively small effects vary by disease, such that eradicating
illnesses that affect prime-age workers increases income, whereas eliminating diseases that affect mainly young chil-
dren has no impact on income. Because these gains are surprisingly small, the authors recognize that they have a
greater effect on welfare than on the economy.
More recently, Desbordes (2011) finds support for a U-shaped relationship between GDP per capita and life
expectancy, whereas Kumar and Kober (2012) used a large sample of 97 countries to empirically study the way
health, education, and urbanization impact their total factor productivity. These authors report that levels of urbani-
zation and health capital, proxied by life expectancy, infant mortality rate and the risk of malaria, have a significant
impact on total factor productivity, but the effect of education is not significant. Coefficients of health and urbaniza-
tion indicators remain highly significant even after controlling for endogeneity. Luca et al. (2014) consider that even
small improvements in the working age population can have a major economic impact in developing countries. How-
ever, authors such as Hall and Jones (2007), Weil (2014), Jones (2016), Jones and Klenow (2016) and Kuhn and
Prettner (2016) argue that in the most developed countries, the effects of health on economic growth are likely to
be less important, and even report that the high costs of advanced health care systems can be a deterrent to growth.
Similarly, Hansen and Lønstrup (2015) find that during the twentieth century increased life expectancy stimulated
population growth but reduced GDP per capita. In addition, these authors demonstrate a negative relationship
between initial level of life expectancy and the subsequent growth rate of GDP per capita. In the same vein,
Cervellati and Sunde (2011, 2015) show that improved longevity stimulates investment in education and economic
growth if countries have already experienced a demographic shift from high to low rates of fertility and mortality;
when this is not the case, the effect of improved longevity is manifested in greater population growth only.
Along this line, other regional studies have also corroborated and provide empirical evidence on the appearance
of a gap in income and growth when health declines. Thus, Oliva-Moreno (2012) sustain that the loss in labour
productivity due to accidents and health problems was estimated to a figure equivalent to nearly 4.2% of the GDP of
Spain in 2005 and Blázquez-Fernández, Cantarero-Prieto, Perez-Gonzalez, and Llorca-Díaz (2015) suggested that a
greater risk of early-life death is associated with higher levels of fertility and lower investment in physical and human
capital that, in turn, impact negatively in income. Recently, Lenhart (2019) examines data from the British Household
Panel Survey to test how sudden health shocks affect labour and household income, employment status, and hours
worked. By estimating propensity score matching difference-in-differences models, the study shows that sudden
health declines lead to significant and persistent reductions in earnings that are strongest for individuals experiencing
severe health shocks, males, individuals with higher education and those working in managerial jobs. O'Mahony and
Samek (2019) also show an application for the UK in 2014 and quantify that overall the UK economy would have
had about 11% more human capital if those in ill health were in good health.
In light of the results from most of the studies analysed in this literature review, we can conclude that health
improvements can be a fundamental factor for economic development. However, there is no firm consensus in the
literature on the impact value and different results are obtained according to the health measure used and the meth-
odology applied. Besides, highlighting the role of infectious diseases, which continue to plague many developing
countries and even have attacked the developed countries is important considering that they can trap economies.
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There should be consensus in highlighting the importance of health and the urgency of eradicating epidemic crises to
allow the population to accumulate human capital. For all these reasons, further empirical research is needed.
3 | THE MODEL AND THE MEASUREMENT OF THE VARIABLES
The main objective of this study is to include health along with education in a well-specified aggregate production
function to quantify the effect of health on economic growth and at the same time evaluate the impact of
differences related to education. Although most studies limit human capital to education, this underestimates the
impact of human capital or overestimates the role of education. In other words, the multidimensional nature of
human capital calls for a model of growth that covers its main components: health capital (T) and education capital
(E). This paper follows the macro-based approach of Weil (2001), Bloom and Canning (2005) and Bloom et al. (2019)




where Yit is the private production of region i in year t, Ai0 is the initial level of efficiency or productivity for each
region, Kit is the physical capital of region i in year t, and Hit is the human capital of region i in year t. Human capital
can be decomposed into the employment of region i in year t, denoted by Lit, and its average human capital, such
that:




and E represents education of region i in year t and T represents health of region i in year t. Taking logarithms we
can estimate the following equation:
LnYit = LnAi0 + αLnKit + βLnLit +ϕELnEit +ϕTLnTit + uit: ð4Þ
Equation 4 will be estimated to highlight the importance of human capital in its two main dimensions––health and
education intensity––to regional growth. For this purpose, we construct a balanced panel of the seventeen autono-
mous communities of Spain for the period 2004–2016. This is the period for which the variables used in the analysis
are available.
The following variables and statistical sources are used inTable 1:1 production of each region, measured by gross
value added, obtained from the Spanish Regional Accounts of the National Institute of Statistics (INE). This variable
is expressed in euros at 2010 values. Number of employees (L) is obtained, as above, from the INE Regional
Accounts. Private capital (K) is obtained from estimates by the Instituto Valenciano de Investigaciones Económicas
(IVIE) for the BBVA Foundation.
To measure the variable Education at regional level the paper uses the percentage of people in work who have
completed the following education: university degree or bachelor’s degree or certificate of higher education. The
ability of regions to develop higher quality products, innovate, undertake and orientate production towards more
dynamic markets and sectors is closely related to their endowment of human capital that, in turn, generates growth
1Table 1 provides the name of the variables, a short description and sources.
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in regions. Following the work of Serrano (1996) and Serrano and Soler (2015), it is assumed that human capital has
a direct relationship with the years of schooling carried out by each individual, but knowledge can also be acquired
through work experience. Together they provide a very useful measure of people's ability to produce market-valued
goods and services. To represent both aspects, the relevant variable, which is the one used in this paper, is the
employed population that reaches the educational levels provided by higher education, considering knowledge as
well as skills with a more practical approach and closer to companies. Alternatively, a more restrictive version of the
variable, called (Education ++), will also be used, which includes only the university degree. The latter provides infor-
mation of the highest level of knowledge and skilled workers. In both variables (Education and Education++), individ-
uals have completed more than 14 years of schooling. These statistics are also provided by the IVIE.2
Finally, the INE provides the regionalized information on health indicators used in the analysis. Compared to
other forms of human capital, health status is particularly difficult to measure because it can be proxied by various
indicators. For this reason we use five indicators that gather aspects related both to survival and quality of life of the
population. Related to the survival rate, the first indicator we use is life expectancy at birth (EVAN), or the number of
years a newborn would live if the mortality patterns current at the moment of birth did not change during his or her
lifetime. This is one of the most commonly used indicators in the literature because greater life expectancy is fully
correlated with a higher level of health in a country. Secondly, we use life expectancy at age 65 (EV65), or the
number of years a 65-year-old person would live if the mortality patterns for that year did not change. This indicator
acts as a proxy for the health of the workforce (see Bloom et al., 2019), and its application appears to be particularly
appropriate in developed countries where life expectancy for adults has changed radically in recent decades, and
which tend to have larger workforces with higher levels of experience.
Health status can also be proxied by indicators that reflect individuals' quality of life or what they perceive their
own general state of health to be, or by periods of time during which illness prevented them from working, among
others. In this study we use two indicators taken from information provided by the INE: MB, the percentage of indi-
viduals reporting a favourable state of health, and LIMGRAL, the percentage of people with long-term health prob-
lems that prevent them from working on a regular basis.
Finally, Table 2 presents the principal component analysis (PCA) from which we obtain a combined measure for
regional health by reducing the initial variables into an individual variable that preserves as much of the initial infor-
mation and variability as possible. More precisely, the table shows that the main two components of the PCA explain




Y gross value added INE
L number of employees INE
K private capital IVIE
Education percentage of people in work who have completed University degree, Bachelors degree or




people in work who have completed University degree IVIE
EVAN life expectancy at birth INE
EV65 life expectancy at age 65 INE
MB percentage of individuals reporting a favourable state of health INE
LIMGRAL percentage of people with long-term health problems INE
2A more detailed analysis of the human capital statistics for the Spanish case, incorporated into the OECD statistics, can be found in Mas, Pérez, Uriel,
Serrano, and Soler (2002a, 2002b), Serrano and Pastor (2002), Maudos, Pastor, and Serrano (2003) and Pastor, Peraita, Serrano, and Soler (2018).
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82% of the total variance, with the first component offering the greatest amount of the explained variance with a
total of 50%, and the second 31%. The third offers 17% and the rest 0.5%. The transformed variables are indepen-
dent of each other and lack collinearity between them. Therefore, with these variables an index is created that is a
linear combination of those described above. In other words, this is a health index that gathers the different compo-
nents of health (HEIN). Such a measure allows us to deal with the problem of multicollinearity among the initial vari-
ables if they were included in a regression model. PCA is therefore recommended because is considered among the
best methods to identify the unobservable, “latent” factors that underlie or “explain” a set of observed variables
(Coste, Bouee, Ecosse, Leplege, & Pouchot, 2005; Friesen, Seliske, & Papadopoulos, 2016).
4 | RESULTS
Table 3 shows the descriptive statistics while Table 4 shows the differences in mean values between regions in the
period 2004–2016. It is observed that these differences are mainly marked in Education++, that is, the percentage of
people in work who have completed a university degree (Madrid is 2,5 times higher than the Balearic Islands). On
the other hand, the differences are smaller in life expectancy at birth, since in the region of Murcia (the highest life
expectancy) it is only 1.5% higher than the national average and in Andalusia (the lowest life expectancy) it is 1.7%
lower than the mean of Spain.
To highlight the impact of health on economic growth, Equation (4) was estimated for the seventeen Spanish
regions in the period 2004–2016. The estimation was first made with panel data techniques, which take into account
the possible unobservable characteristics of each individual that are constant over time by introducing individual
regional effects. The results are presented in Table 5. Despite its advantages, this technique also has the drawback
that it cannot adequately solve the problem of endogeneity, which must be addressed in this study. The question
arises of whether the regions that have better health on average are more productive, or whether regions are able to
improve their health factor because of higher income. Thus, to correct the bias that arises if this situation is ignored,
TABLE 2 Principal component analysis: health index
Component Eigenvalue Difference Proportion Cumulative
Comp1 2.01321 0.74417 0.5033 0.5033
Comp2 1.26903 0.57263 0.3173 0.8206
Comp3 0.69639 0.48558 0.1741 0.9947
Comp4 0.21361 0.67503 0.0053 1.0000
PC1 PC2 PC3 PC4
EVAN 0.6951 −0.0702 0.1231 −0.7049
MB 0.0291 0.7313 0.6774 0.0742
EV65 0.6895 −0.1533 0.0586 0.7054
LIMGRAL 0.2015 0.6610 −0.7228 0.0067
TABLE 3 Descriptive statistics
Education Education++ EVAN EV65 MB LIMGRAL
Mean Spain 36.55081 14.39305 81.84932 20.37216 70.58326 6.112217
Max 55.26528 31.43296 84.6 22.22373 81.5 14.6
Min 19.73834 7.189331 78.8 18.03282 54.2 2.2












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































instrumental variables are used in the estimations of Tables 6 and 7. A comparison with these two tables will
increase the robustness of the results.
Specifically, Table 6 performs the estimation with fixed effects but using instrumental variables. To do this, lags
of the variable to be instrumentalized are used. The particular feature of these lags is that they are correlated with
the explanatory variables of the model but not with the error term, conditions that a variable must meet for it to
be instrumental.
Arellano and Bond (1991) constructed an estimator based on a generalized method of moments (GMM), which
uses instrumental variables based on lags in the endogenous and predetermined variable(s) and differences of all
exogenous variables in the model, and that is particularly suited for panels with several individuals and few time
periods, as in the present case. Table displays the results yielded by the system GMM estimator that estimates the
relationship between the dependent variable and the explanatory variables using the information from both
TABLE 6 Impact of health and education on regional production. FE-IV estimation
1 2 3 4 5
Constant 1.685 (4.04) 2.800 (6.31) 2.130 (4.31) 2.594 (5.58) 3.182 (6.29)
K 0.104 (3.12) 0.107 (3.40) 0.182 (5.54) 0.124 (3.75) 0.117 (3.53)
L 0.714 (23.96) 0.589 (28.68) 0.595 (26.14) 0.677 (24.81) 0.687 (24.89)






R2 0.827 0.835 0.800 0.820 0.824
N.observations 204 204 204 204 204
Note: t-student in parenthesis.
TABLE 7 Impact of health and education on regional production. GMM-IV estimation
1 2 3 4 5
Constant 0.266 (0.60) 1.493 (3.54) 0.764 (1.65) 1.825 (6.63) 0.133 (0.31)
K 0.187 (4.47) 0.162 (4.51) 0.224 (5.47) 0.082 (2.65) 0.260 (8.11)
L 0.677 (44.12) 0.657 (42.67) 0.618 (26.63) 0.599 (41.98) 0.641 (50.01)






Sargan test (p value) 0.995 0.995 0.994 0.994 0.994
AR(1) (p value) 0.053 0.029 0.118 0.283 0.013
AR(2) (p value) 0.075 0.034 0.106 0.062 0.367
N.observations 221 221 221 221 221
Note: t-student in parenthesis.
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equations, in levels and in differences. First-order correlation must be present in this estimation, since otherwise it
would be indicating that there are no dynamic effects and the GMM estimator would not be suitable. In addition, an
important limitation of the estimator is that second-order autocorrelation cannot exist in the first differences of the
errors. The results of the Arellano-Bond test presented in Table corroborate this fact; additionally, the Sargan test
shows that the equations are correctly overidentified. The results no longer reject the null hypothesis that the over-
identifying restrictions are valid.
The analysis of these tables reveals that the results of the estimations tend to coincide regardless of the
estimator used confirming the robustness of the results. Thus, the results of the fixed-effect panel data estimation
(Table 5) show that the capital and labour parameters are significant and the sum of these coefficients is close to
one, which is consistent with constant returns to scale. Additionally, the first equation shows that when the proxy
variables for health are not included, the estimate of the coefficient on schooling yields a social rate of return of
10%. In the subsequent equations the variables proxying health are introduced and the main conclusion is that health
has a statistically significant effect on economic growth regardless of how the health variable is measured. Both life
expectancy at birth (EVAN) and life expectancy at age 65 (EV65) have a positive effect on economic growth in the
regions. These results are similar to findings of other studies such as Bhargava, Jamison, Lau, and Murray (2001),
Bloom et al. (2004, 2019) suggesting that a 1 year increase in life expectancy at birth leads to a rise in output of 8%,
and secondly, that an increase of 1 year in life expectancy at age 65 generates a 2% increase in output. The
conclusion drawn from these results is that increasing health expenditure is justified not only because it improves
the welfare of individuals, but also because worse health status in a region leads to lower life expectancy and is
growth-reducing. Improvements in health may raise output through the accumulation of capital if life expectancy
influences life cycle savings and capital accumulation. Similarly, improvements in health leads to higher work force
productivity, and therefore, output. All these mechanisms allow regions to enhance growth (Bloom, Canning, &
Malaney, 2000) and become a source of competitiviness.
The results also show a significant positive impact on regional performance when we use the explanatory
variable MB, a measure of individuals' perception of their own health; in contrast, a significant negative effect was
found with the variable LIMGRAL, representing the health limitations reported by individuals. Both variables have
the expected sign and are strongly significant according to the t statistic provided by the table. The results show that
the marginal effect on growth of a positive change in health status is 0.4%, whereas a negative effect implies a fall in
production of 1%.
The construction of a health index such as the one proposed in this study enables the multidimensional nature
of health to be included in the analysis, since in developed countries the impact of health is not only dependent on
life expectancy but also on the specific health status of individuals at any given moment. When the regression
includes this combined health index, which represents individuals' own perception of their health status, its effect is
also positive and significant, although to a lesser degree, since the negative effect generated by health limitations is
also taken into account.
Additionally, Table illustrates the results using a more restrictive measure of the human capital associated to
schooling, that is, Education ++.When analysing the results, it can be observed how, in a systematic way, as expected
(see Serrano, 1996; Serrano & Soler, 2015), the estimated value of the coefficients of the human capital indicator
decreases as the education qualification criterion becomes more demanding. However, in all cases, the sign and
significance of the variables that define the regional health status are maintained.
The results presented in Tables 6 and 7 also lead to the same conclusions and suggest that when measured only
by schooling of the workforce, the effect of human capital on regional performance is undervalued when the effect
of proxy variables for health is omitted. Specifically, according to the study's findings, the effect of human capital
measured by schooling of the workforce has no less impact or significance when the health variable is controlled for
except for some specifications. This suggests that the two variables are capturing different effects of human capital,
and that they both have positive effects on regional performance. In other words, Education is not capturing the
effect of health on performance.
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5 | CONCLUSIONS
The objective of this paper is to obtain evidence of the effect of population health on economic growth. To this end,
the population's health was considered as one of the main components of human capital, as well as the regional
endowment of education. Estimations were performed using different measures of health, some of which have been
used previously in the literature such as life expectancy at birth and adult life expectancy. However, this study also
uses measures of individuals' perception of their own health and a mixed or multidimensional index that gathers
different aspects of health, and is therefore a more complete and accurate health index.
These variables of human capital—education and health—have a positive and significant influence on regional
performance, with the exception of the health limitations variable, which has a negative impact. For the estimates,
panel data and instrumental variables have been used, which reduce the problems of endogeneity caused by
introducing variables that represent health status in the regions. An estimator based on the GMM has also been
constructed. The conclusion that health is an important determinant of regional growth is robust to using a variety of
different health indicators, as well as to using alternative estimates of the return on health.
One of the main findings of this study is that the return rate on education does not capture the effect of health,
and thus the estimation of the contribution of human capital on economic growth would be biased (underestimated)
when health measures are omitted. Furthermore, we find that the impact of education on regional productivity is
10%, whereas the impact of health on regional performance oscillates between 0.4% and 2% depending on the
health measure considered. This result is important in that it can help to identify public policy measures that lead to
an improvement in the conditions of both the education and health of individuals and, therefore, their productivity
and income.
In summary, the results of the study show that the growth of the Spanish regions comes not only from the
physical capital and labour endowments or from the educational level of the regions, but also from the health
endowments. If human beings are one of the most important productive assets in the economy, the health service
contributes to improving this asset. This result is of primary importance and has a number of consequences from the
perspective of economic policy.
On the one hand, this result proves that there are compelling economic reasons to invest resources in
creating a healthy workforce. If a person is unable to work for health reasons, is more likely to lose the job,
which in turn reduces income, spending and savings. The question also arises as to whether it is beneficial to
have public support for more universal health coverage. When public policies improve people's health, they also
increase the benefits that a healthy environment generates for other people. Furthermore, regional growth also
increases, leading to a higher standard of living among the population. On the other hand, having a powerful and
competitive health system is not only an engine of well-being, but it is the best instrument to analyse and
vmanage the potential risks of humanity. Investments in health care are a tool to minimize national risk. A greater
investment in the required health system would have greatly minimized the current health crisis in the Spanish
regions and, consequently, its serious economic effects. Decision-makers must consider the consequences of not
investing in the health sector, which may become more expensive in the future. Fostering an adequate public
health economy for the twenty-first century is not optional for the regions. Global economic dynamics and
demographic factors require that all regions consider health as an investment, rather than an economic burden.
Finally, investments in health can also reduce economic inequality. Especially if health care programmes are
provided at an early age creating access to best opportunities and lifelong benefits. Not investing in health is
unproductive and can generate huge costs, especially for the most disadvantaged, and these high costs can be a
serious disadvantage for the new generations.
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estado de salud de la población, junto con un índice de salud generado mediante un análisis de componentes
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